Introduction
Since the nineteenth century researchers have reported that lipids are a basic component of semen, contributing to the membrane structure of spermatozoa, the metabolism of the sperm cells and to their ability to capacitate and fertilize the female gamete (Mann and Lutwak-Mann, 1981) . The fatty acid composition of the spermatozoa and seminal plasma from many animal species has been reported and a key finding was the presence of extremely high concentrations of polyunsaturated phospholipids (Pickett and Komarek, 1966; Neill and Masters, 1972; Poulos and White, 1973; Poulos et al, 1973; Scott, 1973; Lin et al, 1993) . In most mammals the substantial concentration of polyunsaturates present is characteristically dominated by docosahexaenoic acid (22:6 n-3), (Neill and Masters, 1972; Poulos et al, 1973; Evans and Setchell, 1978;  Nissen and Kreysel, 1983; Lin et al, 1993) . In bulls in particular, docosahexaenoic acid accounts for around 55-60% of the total phospholipid fatty acids, with especially high concentrations, 40% and 80%, occurring within the phosphatidyl ethanolamine and phosphatidyl choline fractions, respectively (Poulos et al., 1973; Jain and Anand, 1976) . This contrasts significantly with domestic avian species in which docosatetraenoic acid (22:4 n-6) predominates (Ravie and Lake, 1985 (Bakst and Sexton, 1979; Elias et al, 1979; Bearer and Friend, 1982; Hammerstedt, 1993;  Roldan and Harrison, 1993) .
The presence of such high concentrations of long chain polyunsaturated fatty acids within the lipid structure of sperm cells requires efficient antioxidant systems to defend against peroxidative damage and associated sperm dysfunction (Jones et al, 1979; Wishart, 1984; Alvarez and Storey, 1989; Selley et al, 1991; Cecil and Bakst, 1993; Aitken, 1994 (Boehringer, Lewes) .
Individual phospholipid classes were separated by high performance thin layer chromatography (HPTLC) using a solvent system of methyl acetate:isopropanol:chloroform: methanol:0.25% (w/v in H20) KC1 (25:25:25:10:9 v:v), as described by Olsen and Henderson (1989) . After charring (Kelso et al, 1996) The major carriers of the polyunsaturated fatty acids within the spermatozoa in all three groups of bulls were the phos¬ phatidyl ethanolamine and phosphatidyl choline fractions. The major polyunsaturates in the phosphatidyl ethanolamine were arachidonic acid (20:4 n-6) and docosahexaenoic acid (22:6 n-3), while in phosphatidyl choline, docosahexaenoic acid (22:6 n-3) predominated (Table 4) Values are means ± sem of four observations from each age group, nd = not detectable. (Neill and Masters, 1972; Poulos et al, 1973; Scott, 1973 (Neill and Masters, 1972; Poulos et al, 1973; Darin-Bennett et al, 1974; Nissen and Kreysel, 1983; Lin et al, 1993) .
A feature of ageing and associated changes in semen quality in the present study was the considerable reduction in overall lipid content in the seminal plasma. In the absence of a glycolytic substrate, both endogenous and exogenous lipids play a substantial role in the supply of energy for the motility and viability of spermatozoa (Scott and Dawson, 1968; Scott, 1973) . In contrast to the present observations, it has been shown that a characteristic of decreased fertility in humans is a higher concentration of lipid within both the cellular and plasma components of the semen (Sebastian et al, 1987) . This effect highlights the differences in sperm metab¬ olism between the two species and during ageing in the bull; high concentrations of exogenous fructose are known to be present in bull semen (Garner and Hafez, 1993) (Mann et al, 1980b , cited by Mann and Lutwak-Mann, 1981; Griveau et al, 1995 (Darin-Bennett et al, 1974; Nissen et al, 1981; Nissen and Kreysel, 1983) , in particular in association with their highly polyunsaturated fatty acid con¬ tent, may be related to general effects on the biophysical properties of the membranes, such as fluidity and permeability (Hammerstedt, 1993) . Lipids also have an important role to play in membrane fusion (Bearer and Friend, 1982) , leukotriene production (Oliw and Sprecher, 1989) and signal transduction (Roldan and Harrison, 1993) (Brenner, 1989) . In addition, a requirement of cells that display high concentrations of polyunsaturated fatty acids is an efficient antioxidant system for protection against peroxidative damage, which has been implicated in sperm dysfunction on numerous occasions (Jones et al, 1979; Froman and Thurston, 1981; Wishart, 1984;  Alvarez and Storey, 1989; Selley et al, 1991; Cecil and Bakst, 1993; Hammerstedt, 1993) 
